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(54) Polypropylene resin compositions 



(57) The polypropylene resin composition of the 
invention comprises a polypropylene resin and a rubber 
component in specific proportions. The rubber compo- 
nent comprises an ethylene random copolymer (B1) 
and a propylene/1 -butene random copolymer (B2). The 
copolymer (B1) is obtained by random copolymerizing 
ethylene and an ct-olefin of 3 to 20 carbon atoms, and 
has a specific density, a specific MFR and a specific 
crystal Unity. The copolymer (B2) has a specific content 
of constituent units derived from propylene, a specific 
content of constituent units derived from ethylene, a 
specific MFR, a specific Mw/Mn and a specific B value 
(parameter indicating randomness of a copolymerized 
monomer sequence distribution). The weight ratio of the 
copolymer (B1) to the copolymer (B2) in the rubber 
component (B) is in the range of 95/5 to 20/80. The 
polypropylene resin composition can provide molded 
products, e.g., films, having excellent heat-sealing prop- 
erties, low-temperature impact resistance, transparency 
and blocking resistance. 
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Description 

FIELD QF THE INVENTION 

5 The present invention relates to polypropylene resin compositions, and more particularly to polypropylene resin 
compositions which exhibit excellent heat-sealing strength, low-temperature impact resistance, transparency, blocking 
resistance and slip properties when they are used in the form of films. 

BACKGROUND OF THE INVENTION 

Polypropylene resins have excellent rigidity and heat resistance, but have a defect of poor impact resistance, par- 
ticularly poor impact resistance at low temperatures. To remove this defect, it is well known to Wend the polypropylene 
resins with a rubber component comprising an ethylene/propylene random copolymer or an ethyl ene/butene random 
copolymer. 

In the conventional polypropylene resin compositions, however, the dispersed particles of the rubber component 
such as the ethylene/propylene random copolymer or the ethylene/butene random copolymer are large, so that a film 
of the composition does not have sufficiently high heat-sealing strength. For this reason, it is difficult to obtain a com- 
position capable of producing films of good balance between the heat-sealing properties and the impact resistance. 
Besides, the conventional compositions suffer bad transparency. 

In order to improve the balance between the heat-sealing properties and the impact resistance of films, blending of 
the propylene resin with an ethylene/a-olefin random copolymer and further a propylene/a-olefin random copolymer 
has been proposed in Japanese Patent Laid-Open Publication No. 43242/1989. 

Even if the above blending is performed, however, the balance between the heat-sealing properties and the impact 
resistance, the transparency and the blocking resistance of films of the resulting blend are still insufficient. 

Accordingly, development of polypropylene resin compositions capable of producing films having not only excellent 
heat-sealing properties but also excellent impact resistance, in particular low-temperature impact resistance, transpar- 
ency and blocking resistance has been desired. 

OBJEQT OF THE INVENTION 

The present invention is intended to solve such problems associated with the prior art as described above, and it 
is a main object of the invention to provide a polypropylene resin composition capable of producing films and sheets 
having not only excellent heat sealing properties but also excellent impact resistance, in particular low-temperature 
impact resistance, transparency, blocking resistance, blushing resistance and scratch resistance. 

SUMMARY OF THE INVENTION 

The polypropylene resin composition according to the present invention is a polypropylene resin composition com- 
prising 50 to 99 % by weight of a polypropylene resin (A) and 50 to 1 % by weight of a rubber component (B), wherein 
40 the rubber component (B) comprises an ethylene random copolymer (B1 ) and a propylene/1 -butene random copolymer 
<B2), 

said ethylene random copolymer (B1) having the following properties: 

(1) said copolymer (B1) is obtained by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms, 
45 (2) the density is in the range of 0.850 to 0.900 g/cm 3 , 

(3) the melt flow rate (ASTM D 1238, 190 °C. load of 2.16 kg) is in the range of 0.1 to 30 g/10 min, and 

(4) the crystallinity, as measured by X-ray diffractometry, is less than 40 %; 

said propylene/1 -butene random copolymer (B2) having the following properties: 

50 

(1) said copolymer (B2) contains 50 to 95 % by mol of constituent units derived from propylene and 5 to 50 % by 
mol of constituent units derived from 1 -butene, 

(2) the melt flow rate (ASTM D 1238. 230 °C, load of 2.16 kg) is in the range of 0.1 to 50 g/10 min, 

(3) the molecular weight distribution (Mw/Mn), as determined by GPC, is not more than 3, and 

55 (4) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is in 
the range of 1.0 to 1.5; and 

the weight ratio ((B1)/(B2)) of the ethylene random copolymer (B1) to the propylene/1 -butene random copolymer 
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(B2) in the rubber component (B) is in the range of 95/5 to 20/80. 

The ethylene random copolymer (B1) is, for example, a linear ethylene/a-olefin random copolymer. 
This linear ethylene/a-olefin random copolymer preferably has the following properties: 

5 (a) the density is in the range of 0.850 to 0.900 g/cm 3 , 

(b) the intrinsic viscosity (n). as measured in decahydronaphthalene (decalin) at 135 °C, is in the range of 0.3 to 
3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 °C, 

(d) the crystallinity, as measured by X-ray diffractometry, is less than 40 %, 

w (e) the molecular weight distribution (Mw/Mn), as determined by GPC, is not more than 3.0, 

(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is in 
the range of 1.0 to 1.4, and 

(g) the ratio gn* of the intrinsic viscosity fa) determined as the property (b) to the intrinsic viscosity (11)^^ of a lin- 
ear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light scatter- 

15 ing method) as this copolymer and having an ethylene content of 70 % by mol, (^(TObia^, is more than 0.95. 

The linear ethylene/a-olefin random copolymer is preferably an ethylene/a-olefin random copolymer obtained by 
random copolymerizing ethylene and an a-olef in of 6 to 20 carbon atoms in the presence of a metallocene catalyst com- 
prising a metallocene compound represented by the following formula (I) or (II). 

20 



25 



30 




35 



wherein M is a transition metal of Group IVB of the periodic table, 

R 11 and R 12 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may 
40 be substituted with halogen, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a 
nitrogen-containing group or a phosphorus-containing group, 
R 13 and R 14 are each an alkyl group of 1 to 20 carbon atoms, 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, and 
45 Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-, - 
S0 2 -. -NR 7 -, -P(R 7 )-. -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 
1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms; or 

50 



55 
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(ID 



wherein M is a transition metal of Group IVB of the periodic table, 

the groups R 21 may be the same or different, and are each a hydrogen atom, a halogen atom, an alkyl group of 1 
20 to 10 carbon atoms which may be halogenated, an aryl group of 6 to 10 carbon atoms, -NR 2 , -SR, -OSiR 3 , -SiR 3 
or -PR 2 (R is a halogen atom, an alkyl group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms), 
R 22 to R 28 are each the same as R 21 , or adjacent groups of R 22 to R 28 may form an aromatic ring or an aliphatic 
ring together with the atoms to which they are bonded, 

X 3 and X 4 may be the same or different, and are each a hydrogen atom, a halogen atom, OH group, an alkyl group 
25 of 1 to 1 0 carbon atoms, an alkoxy group of 1 to 1 0 carbon atoms, an aryl group of 6 to 1 0 carbon atoms, an aryloxy 
group of 6 to 1 0 carbon atoms, an alkenyl group of 2 to 1 0 carbon atoms, an arylalkyl group of 7 to 40 carbon atoms, 
an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon atoms, and 
Zis 

30 

R29 r29 R 29 r29 R 29 r29 

I II II I 

- M 2 -, - M 2 - M 2 - , - C - C - O - M 2 - O - , 

35 r30 r30 r30 R 30 r30 R 30 

R 29 R 29 

\ I 

40 - C - O - M 2 - 

I I 
R30 r30 

45 =BR 29 =AlR 29 ( _ Ge _ . SrVt _o_ . s _ =s0| =S Q 2( =NR 29 ( =COi = pr29 or =P(0)R 29 (R 29 and R 30 may be the same 
or different, and are each a hydrogen atom, a halogen atom, an alkyl group of 1 to 10 carbon atoms, a fluoroalkyl 
group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, a fluoroaryl group of 6 to 10 carbon atoms, 
an alkoxy group of 1 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40 
carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms or an alkylaryl group of 7 to 40 carbon atoms, or R 29 

so and R 30 may form a ring together with the atoms to which they are bonded, and M 2 is silicon, germanium or tin). 

The ethylene random copolymer (B1) may also be a long-chain branched ethylene/a-olefin random copolymer. 
The long-chain branched ethylene/a-olefin random copolymer preferably has the following properties: 

55 (a) the density is in the range of 0.850 to 0.900 g/cm 3 , 

(b) the intrinsic viscosity (n). as measured in decalin at 135 °C. is in the range of 0.3 to 3.0 dl/g. 

(c) the glass transition temperature (Tg) is not higher than -50 °C, 

(d) the crystallinity, as measured by X-ray diffractometry, is less than 40 %, 
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(e) the molecular weight distribution (Mw/Mn), as determined by GPC, is not more than 3.0, 

(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is in 
the range of 1.0 to 1.4, and 

(g) the ratio gii* of the intrinsic viscosity (n) determined as the property (b) to the intrinsic viscosity (nJuank °* a ,in * 
5 ear ethylene^propylene copolymer having the same weight-average molecular weight (measured by a light scatter- 
ing method) as this copolymer and having an ethylene content of 70 % by mol, (n.)/(*l)biank. is in the range of 0.2 to 
0.95. 

The long-chain branched ethylene/a-olefin random copolymer is preferably an ethyl ene/a-olef in random copolymer 
10 obtained by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of a metallocene 
catalyst comprising a metallocene compound represented by the following formula (III): 



X 1 X 2 

\ / 



20 




(III) 



25 



30 wherein M is a transition metal of Group IVB of the periodic table, 
R 1 is a hydrocarbon group of 1 to 6 carbon atoms, 

R 2 , R 4 , R 5 and R 6 may be the same or different, and are each a hydrogen atom, a halogen atom or a hydrocarbon 
group of 1 to 6 carbon atom, 

R 3 is an aryl group of 6 to 16 carbon atoms, which may be substituted with either a halogen atom, a hydrocarbon 

35 group of 1 to 20 carbon atoms or an organosilyl group, 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, and 
Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-. - 

40 S0 2 -. -NR 7 -, -P(R 7 )-. -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 
1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

The propylene/1 -butene random copolymer (B2) preferably has the parameter B value (property (4)), which indi- 
cates randomness of a copolymerized monomer sequence distribution, of 1.0 to 1.3; 
45 and further has the following properties: 

(5) the melting point Tm, as measured by a differential scanning calorimeter, is in the range of 60 to 140 °C, and 
the melting point Tm and the 1 -butene constituent unit content M (% by mol) satisfy the relation 

so -2.6M + 130 ^ Tm ^ -2.3M + 155, 

and 

(6) the crystallinity C (%), as measured by X-ray diffractometry, and the 1 -butene constituent unit content M (% by 
mol) satisfy the relation 

55 

C£-1.5M + 75. 

The propylene/1 -butene random copolymer (B2) can be obtained by copolymerizing propylene and 1 -butene in the 
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wherein M is a transition metal of Group IVB, VB or VIB of the periodic table, 

R 1 and R 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, 
a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group, 
25 R 3 is a secondary or tertiary alkyl group of 3 to 20 carbon atoms or an aromatic group, 

R 4 is a hydrogen atom or an alkyl group of 1 to 20 carbon atoms, 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group, 
and 

30 Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 

20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin- 
containing group, -0% -CO-, -S-. -SO-, -S0 2 -, -NR 3 -, -P(R 3 )-, -P(0)(R 3 )-, -BR 3 - or -AIR 3 - (R 3 is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 
to 20 carbon atoms), 

35 

(f) an organoaluminum oxy -compound (M) and/or a compound (f-2) which reacts with the transition metal com- 
pound (e) to form an ion pair, 

and optionally 

(g) an organoaluminum compound. 

40 

R 1 in the formula (IV) is preferably methyl. 

DETAILED DESQRIPTIQN QF THE INVENTION 

45 The polypropylene resin composition according to the invention is described in detail hereinafter. 

The polypropylene resin composition of the invention comprises a polypropylene resin (A) and a rubber component 
(B) which comprises an ethylene random copolymer (B1) and a propylene/1 -butene random copolymer (B2). 

Polypropylene resin (A) 

50 

The polypropylene resin (A) for use in the invention is a homopolymer of propylene or a random or block copolymer 
of propylene and another a-olef in such as ethylene or 1 -butene. The polypropylene resin (A) generally contains propyl- 
ene constituent units in amounts of not less than 90 % by mol and is desired to have a boiling n-heptane-insoluble frac- 
tion of not less than 90 %, preferably not less than 93 %. 
55 The polypropylene resin (A) can typically be prepared by the use of a catalyst formed from a solid titanium catalyst 
component and an organometallic compound catalyst component or a catalyst formed from the both components and 
an electron donor. 

Examples of the solid titanium catalyst components include titanium trichloride, a titanium trichloride composition, 



6 



EP 0 844 280 A1 



and a supported titanium catalyst component containing magnesium, halogen, an electron donor (preferably an aro- 
matic carboxylic acid ester or an alkyl group-containing ether) and titanium as essential ingredients, prepared by any 
methods. Of these, particularly preferable is a supported titanium catalyst component having a specific surface area of 
preferably not less than 100 m 2 /g. 
s The organometallic compound catalyst component is preferably an organoaluminum compound, and examples 
thereof include trialkylaluminum, dialkylaluminum halide, alkyl aluminum sesquihalide and alkylaluminum dihalide. The 
suitability of these compounds as the catalyst components depends upon the type of the titanium catalyst component 
used, so that it is preferable to appropriately select the organoaluminum compound according to the type of the titanium 
catalyst component used. 

10 The electron donor is an organic compound containing, for example, nitrogen, phosphorus, sulfur, oxygen, silicon 
or boron, and preferred examples thereof include esters and ethers. 

The polypropylene resin (A) for use in the invention can be prepared in accordance with known methods using con- 
ventional solid titanium catalyst components or metal locene compound catalyst components. 
The polypropylene resin (A) can be used singly or in combination of two or more kinds. 
is The polypropylene resin (A) is used in an amount of 50 to 99 % by weight, preferably 60 to 95 % by weight, more 
preferably 70 to 90 % by weight, based on 100 % by weight of the total amount of the polypropylene resin (A) and the 
rubber component (B). 

Rubber component (B) 

20 

The rubber component (B) for use in the invention comprises an ethylene random copolymer (B1) and a propyl- 
ene/1 -butene random copolymer (B2). 

In the rubber component (B), the weight ratio ((B1 )/(B2)) of the ethylene random copolymer (B1 ) to the propylene/1 - 
butene random copolymer (B2) is in the range of 95/5 to 20/80, preferably 90/10 to 40/60, more preferably 80/20 to 
25 50/50. 

The rubber component (B) is used in an amount of 50 to 1 % by weight, preferably 40 to 5 % by weight, more pref- 
erably 30 to 1 0 % by weight, based on 1 00 % by weight of the total amount of the polypropylene resin (A) and the rubber 
component (B). 

30 Ethylene random copolymer (BP 

The ethylene random copolymer (B1) for use in the invention comprises ethylene and an a-olefin of 3 to 20 carbon 
atoms. 

Examples of the a-olefins of 3 to 20 carbon atoms include propylene, 1 -butene, 1-pentene, 1-hexene, 1-heptene, 
35 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene. 1 -hexadecene, 
1 -heptadecene, 1 -octadecene, 1-nonadecene, 1-eicosene, 3-methyM -butene, 3-methyl- 1-pentene, 3- ethyl- 1-pentene, 
4-methyl-l-pentene, 4-methyl- 1-hexene, 4,4-dimethyl- 1-hexene, 4,4-dimethyl- 1-pentene. 4-ethyl- 1-hexene, 3-ethyl-1- 
hexene, 9-methyl-1 -decene, 1 1-methyl-1-dodecene, 12-ethyl- 1-tetradecene and mixtures thereof. Of these, preferable 
are a-olefins of 3 to 10 carbon atoms, and particularly preferable are a-olefins of 3 to 8 carbon atoms. 
40 The ethylene random copolymer (B1) has a density of 0.850 to 0.900 g/cm 3 , preferably 0.850 to 0.888 g/cm 3 , more 
preferably 0.850 to 0.885 g/cm 3 . When the ethylene random copolymer (B1) has a density in this range, the low-tem- 
perature impact resistance can be much improved. 

The ethylene random copolymer (B1) has a melt flow rate (ASTM D 1238. 190 °C, load of 2. 16 kg) of 0. 1 to 30 g/10 
min, preferably 3 to 20 g/1 0 min. The ethylene random copolymer (B1 ) having a melt flow rate in this range shows good 
45 dispersibility in the polypropylene resin (A). 

The ethylene random copolymer (B1) has a crystallinity, as measured by X-ray diffractometry, of less than 40 %. 
When the ethylene random copolymer (B1) has a crystallinity of less than 40 %, the impact resistance can be much 
improved. 

The ethylene random copolymer (B1) can be used singly or in combination of two or more kinds. 
so The ethylene random copolymer (B1) can be prepared by random copolymerizing ethylene and an a-olefin of 3 to 
20 carbon atoms in the presence of an olefin polymerization catalyst formed from, for example, a soluble vanadium 
compound and an alkylaluminum halide compound. 

Examples of the soluble vanadium compounds include vanadium tetrachloride, vanadium oxytrichloride, vanadium 
triacetylacetate and oxyvanadium triacetylacetate. Examples of the alkylaluminum halide compounds include ethylalu- 
55 minum dichloride, diethylaluminum monochloride, ethylaluminum sesquichloride, diethylaluminum monobromide, 
diisobutylaluminum monochloride and isobutyl aluminum sesquichloride. 

The random copolymerization can be carried out in a solution state, a suspension state or an intermediate state 
therebetween. In any case, an inert solvent is preferably used as a reaction medium. Examples of the inert solvents 
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include aliphatic hydrocarbons of about 3 to 12 carbon atoms, such as propane, butane, pentane, hexane, octane, non- 
ane. decane, undecane and dodecane; kerosine; and halogenated hydrocarbons, such as methyl chloride, ethyl chlo- 
ride and ethylene dichloride. These solvents can be used singly or in combination. The polymerization temperature may 
be in the range of 0 to 100 °C. 

5 In the present invention, the following linear or long-chain branched ethylene/a-olefin random copolymer is prefer- 

ably used as the ethylene random copolymer (B1). 

Linear ethylene/g-olefin random copolymer 

jo The linear ethylene/a-olefin random copolymer preferably used in the invention has a density of 0.850 to 0.900 
g/cm 3 , preferably 0.850 to 0.888 g/cm 3 , more preferably 0.850 to 0.885 g/cm 3 and has a melt flow rate (ASTM D 1238, 
190 °C, load of 2.16 kg) of 0.1 to 30 g/10 min, preferably 3 to 20 g/10 min. 

The linear ethylene/a-olefin random copolymer has an intrinsic viscosity (n), as measured in decalin at 135 °C, of 
0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The linear ethylene/a-olefin random copolymer having an intrinsic viscosity in 
15 this range has good blending properties with the propylene/1 -butene random copolymer (B2) and with the polypropyl- 
ene resin (A). Further, use of this linear ethylene/a-olefin random copolymer makes it possible to obtain a polypropylene 
resin composition having high flowability and excellent moldability. 

The linear ethylene/a-olefin random copolymer preferably has a glass transition temperature (Tg), as measured by 
a differential scanning calorimeter (DSC), of not higher than -50 °C. 
20 The linear ethylene/a-olefin random copolymer has a cr ystallinity, as measured by X-ray diffractometry, of less than 
40 %, preferably not more than 30 %. When the linear ethylene/a-olefin random copolymer having a crystallinity of less 
than 40 % is used, a polypropylene resin composition having excellent flexibility can be obtained. 

The linear ethylene/a-olefin random copolymer desirably has a molecular weight distribution (Mw/Mn), as deter- 
mined by GPC, of not more than 3.0, and desirably has a parameter B value, which indicates randomness of a copoly- 
25 merized monomer sequence distribution and is determined by a 13 C-NMR method, of 1 .0 to 1 .4. 

The B value of the linear ethylene/a-olefin random copolymer is an index of a composition distribution of constituent 
units derived from each monomer in the copolymerized monomer sequences, and can be calculated by the following 
equation: 

30 B = P OE /(2P Q .P E ) 

wherein P E is a molar fraction of an ethylene component contained in the ethylene/a-olefin random copolymer, P Q is a 
molar fraction of an a-olefin component contained therein, and P 0E is a proportion of the number of ethylene/a-olefin 
alternating sequences to the number of all the dyad sequences. 
35 The values for P E , P 0 and P 0 e can be determined in the following manner. 

In a test tube having a diameter of 10 mm, about 200 mg of an ethylene/a-olefin random copolymer is homogene- 
ously dissolved in 1 ml of hexachlorobutadiene to give a sample. A 13 C-NMR spectrum of this sample is measured 
under the following measuring conditions. 

<o Measuring conditions 

Measuring temperature: 120 °C 
Measuring frequency; 20.05 MHz 
Spectrum width: 1.500 Hz 
45 Filter width: 1,500 Hz 

Pulse repetition time: 4.2 sec 
Pulse width: 7 usee 

Number of integration times: 2,000 to 5,000 

50 The P E , P Q and P 0E values can be found from the 13 C-NMR spectrum in accordance with the reports by G.J. Ray 
(Macromolecules, 10, 773 (1977)), J.C. Randall (Macromolecules, 15, 353 (1982)) and K. Kimura (Polymer, 25, 4418 
(1984)). 

When the both monomers are alternately distributed in the ethylene/a-olefin copolymer, the B value defined by the 
above equation is 2, and when the both monomers are completely separately distributed to form a complete block 
55 copolymer, the B value is 0. 

When the linear ethylene/a-olefin random copolymer having a B value in the above range is used, a polypropylene 
resin composition capable of providing molded products of high heat resistance can be obtained. 

The linear ethylene/a-olefin random copolymer preferably has a gV value, as determined by the intrinsic viscosity 
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(r\), of more than 0.95. 

The gV value is defined by the following equation: 

blank 

5 

wherein ft) is an intrinsic viscosity of the linear ethylene/a-olefin random copolymer measured above (property (b)), 
and (Ti)y an k is an intrinsic viscosity of a linear ethylene/propylene copolymer having the same weight-average molecular 
weight (measured by a light scattering method) as this ethylene/a-olefin random copolymer and having an ethylene 
content of 70% by mol. 

w By the use of the linear ethylene/a-olefin random copolymer having the above properties, a polypropylene resin 
composition capable of providing molded products having excellent mechanical strength and heat resistance can be 
obtained. 

A process for preparing the linear ethylene/a-olefin random copolymer is described later. 

75 Long-chain branched ethylene/a-olefin random copolymer 

The long-chain branched ethylene/a-olefin random copolymer preferably used in the invention has a density of 
0.850 to 0.900 g/cm 3 , preferably 0.850 to 0.888 g/cm 3 , more preferably 0.850 to 0.885 g/cm 3 , and has a melt flow rate 
(ASTM D 1238, 190 °C, load of 2.16 kg) of 0.1 to 30 g/10 min, preferably 3 to 20 g/10 min. 

20 The long-chain branched ethylene/a-olefin random copolymer has an intrinsic viscosity (r\), as measured in decaJin 
at 135 °C, of 0.3 to 3.0 dl/g, preferably 0.5 to 2.0 dl/g. The long-chain branched ethylene/a-olefin random copolymer 
having an intrinsic viscosity in this range has good blending properties with the propylene/1 -butene random copolymer 
(B2) and with the polypropylene resin (A). Further, use of this long-chain branched ethylene/a-olefin random copolymer 
makes it possible to obtain a polypropylene resin composition having high flowability and excellent moldability. 

25 The long-chain branched ethylene/a-olefin random copolymer preferably has a glass transition temperature (Tg), 
as measured by DSC, of not higher than -50 °C. 

The long-chain branched ethylene/a-olefin random copolymer has a crystallinity, as measured by X-ray diffractom- 
etry, of less than 40 %, preferably not more than 30 %. When the long-chain branched ethylene/a-olefin random copol- 
ymer having a crystallinity of less than 40 % is used, a polypropylene resin composition having excellent flexibility can 

30 be obtained. 

The long-chain branched ethylene/a-olefin random copolymer desirably has a molecular weight distribution 
(Mw/Mn), as determined by GPC, of not more than 3.0, and desirably has a parameter B value, which indicates ran- 
domness of a copolymerized monomer sequence distribution and is determined by a 13 C-NMR method, of 1.0 to 1.4. 

When the long-chain branched ethylene/a-olefin random copolymer having a B value in this range is used, a poly- 
35 propylene resin composition capable of providing molded products of high heat resistance can be obtained. 

The long-chain branched ethylene/a-olefin random copolymer preferably has a gr\* value of 0.2 to 0.95, more pref- 
erably 0.4 to 0.9, particularly preferably 0.5 to 0.85. By the fact that the ethylene/a-olefin random copolymer has a gif 
value of not more than 0.95 is revealed that a long-chain branch is formed in the molecule. 

40 Preparation of l inear or long-chain branched ethvlene/a-olefin random copolymer 

The linear or the long-chain branched ethylene/a-olefin random copolymer having the above properties can be pre- 
pared by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of a metallocene 
catalyst containing a specific metallocene compound. 
45 There is no specific limitation on the metallocene catalyst as far as it contains a metallocene compound (a). For 
example, the metallocene catalyst may be formed from a metallocene compound (a) and an organoaluminum oxy-com- 
pound (b) and/or a compound (ionized ionic compound) (c) which reacts with the metallocene compound (a) to form an 
ion pair; or the metallocene catalyst may be formed from a metallocene compound (a), an organoaluminum oxy-com- 
pound (b) and/or a compound (c) which forms an ion pair, and an organoaluminum compound (d). 

50 

Metallocene compound (q) 

A metallocene compound (a1) for use in the preparation of the linear ethylene/a-olefin random copolymer that is 
preferably used in the invention is described in detail in Japanese Patent Application No. 236771/1995 and 
55 PCT/JP96/02609. 

In the present invention, a compound represented by the following formula (I) or (II) (corresponding to the formula 
(III) or (IV) in Japanese Patent Application No. 236771/1995) is preferably used as the metallocene compound (a1): 
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In the above formula, M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zirconium 
or hafnium, particularly preferably zirconium. 

20 R 1 1 and R 12 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may 
be substituted with halogen, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a nitro- 
gen-containing group or a phosphorus-containing group. 

R 11 is particularly preferably a hydrocarbon group of 1 to 3 carbon atoms, such as methyl, ethyl or propyl. R 12 is 
particularly preferably a hydrogen atom or a hydrocarbon group of 1 to 3 carbon atoms, such as methyl, ethyl or propyl. 

25 . R 13 and R 14 are each an alkyl group of 1 to 20 carbon atoms. R 13 is preferably a secondary or tertiary aJkyl group. 
R 14 may contain a double bond or a triple bond. 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. Of these, prefer- 
able is a halogen atom or a hydrocarbon group of 1 to 20 carbon atoms. 

30 Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -O-, -CO-, -S-, -SO-, -S0 2 -. 
-NR 7 -, -P(R 7 )-, -P(0)(R 7 )-, -BR 7 - or -AIR 7 - (R 7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 car- 
bon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). Y is particularly preferably an alkylsilylene 
group, an alkylarylsilylene group or an arylsilylene group. 

35 The transition metal compound mentioned above can be prepared from an indene derivative in accordance with a 
known process, for example, a process described in Japanese Patent Laid-Open Publication No. 268307/1992. 




(ID 



55 In the above formula, M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zirconium 
or hafnium, particularly preferably zirconium. 

The groups R 21 may be the same or different, and are each a hydrogen atom, a halogen atom, an alkyl group of 1 
to 10 carbon atoms which may be halogenated. an aryl group of 6 to 10 carbon atoms, -NR 2 , -SR. -OSiR 3 . -SiR 3 or - 
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PR 2 (R is a halogen atom, an alkyl group of 1 to 10 carbon atoms or an aryl group of 6 to 10 carbon atoms). 

R 22 to R 28 may be the same or different, and are each the same as defined for R 21 , and at least two adjacent 
groups of R 22 to R 28 may form an aromatic ring or an aliphatic ring together with the atoms to which they are bonded. 

X 3 and X 4 may be the same or different, and are each a hydrogen atom, a halogen atom, OH group, an alkyl group 
of 1 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon atoms, an aryloxy 
group of 6 to 10 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, an arylalkyl group of 7 to 40 carbon atoms, 
an alkylaryl group of 7 to 40 carbon atoms or an arylalkenyl group of 8 to 40 carbon atoms. 
Zis 

R 29 R 29 R 29 R 29 R 29 r 29 

- M 2 - M 2 - M 2 - C - C - O - M 2 - O - , 

15 R30 bo " ' R 30 Uo 

R 2 9 R29 
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20 



- C - O - M 2 - 

I " I 

R30 r30 



25 



30 



35 



=BR 29 , =AIR 29 , -Ge-. -Sn-, -O-, -S-, =SO, =S0 2 . =NR 29 , =CO, =PR 29 or =P(0)R 29 . 

In the above formulas, R 29 and R 30 may be the same or different, and are each a hydrogen atom, a halogen atom, 
an alkyl group of 1 to 10 carbon atoms, a fluoroalkyl group of 1 to 10 carbon atoms, an aryl group of 6 to 10 carbon 
atoms, a fluoroaryl group of 6 to 10 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, an alkenyl group of 2 to 10 
carbon atoms, an alkylaryl group of 7 to 40 carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms or an arylalkyl 
group of 7 to 40 carbon atoms. 

R 29 and R 30 may form a ring together with the atoms to which they are bonded. 

M 2 is silicon, germanium or tin. 

The alkyl groups mentioned above may be straight-chain or branched. The halogen atom (halogenation) men- 
tioned above is fluorine, chlorine, bromine or iodine, particularly preferably fluorine or iodine. 

The compound represented by the formula (II) is described in EP-549900 and Canadian Patent No. 2,084,017. 

A metallocene compound (a2) for use in the preparation of the long-chain branched ethylene/a-otefin random 
copolymer that is preferably used in the invention is described in detail in Japanese Patent Application No. 236770/1 995 
and PCT/JP96/02575. 

In the present invention, a compound represented by the following formula (III) (corresponding to the formula (I) in 
Japanese Patent Application No. 236770/1995) is preferably used as the metallocene compound (a2): 



AS 



50 



R 




5 I 



(III) 



55 



In the above formula. M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zirconium 
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or hafnium, particularly preferably zirconium. 

R 1 is a hydrocarbon group of 1 to 6 carbon atoms, and is preferably an alkyl group whose carbon bonding to the 
indenyl group is primary carbon. Particularly preferable R 1 is methyl or ethyl. 

R 2 , R 4 , R 5 and R 6 may be the same or different, and are each a hydrogen atom, a halogen atom or the same hydro- 
5 carbon group of 1 to 6 carbon atoms as defined for R 1 . 

R 3 is an aryl group of 6 to 16 carbon atoms which may be substituted with a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms or an organosilyl group. 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may be 
substituted with halogen, an oxygen-containing group or a sulfur-containing group. 
w Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -0-, -CO-, -S-, -SO-, -S0 2 -, 
-NR 7 -, -P(R 7 )-, -P(0)(R 7 )-. -BR 7 - or -AIR 7 - (R 7 is a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 car- 
bon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

Y is preferably a divalent silicon-containing group or a divalent germanium-containing group, more preferably a 
is divalent silicon-containing group, particularly preferably an alkylsilylene group, an alkylarylsilylene group or an arylsi- 
lylene group. 

In the present invention, the metallocene compounds mentioned above can be used singly or in combination of two 
or more kinds. 

The metallocene compounds can be prepared in accordance with processes described in Journal of Organometal- 
20 lie Chem. 288 (1985), pp 63-67, and European Patent Published Application No. 0,320.762. 

Organoaluminum oxv-comoound (b) 

As the organoaluminum oxy-compound (b), an aluminoxane is preferably employed. Specifically, there can be 
25 used, for example, methylaluminoxane. ethylaluminoxane or methylethylaluminoxane, each of which has usually about 
3 to 50 recurring units represented by the formula -AI(R)0-(R is an alkyl group). 
The aluminoxane can be prepared in accordance with a conventional process. 

Compound (c) which reacts with the metallocene compound (a) to form an ion pair 

30 

The compound (ionized ionic compound) (c) which reacts with the metallocene compound (a) to form an ion pair 
is. for example, a Lewis acid such as triphenylboron, MgCI 2 , Al 2 0 3 , Si0 2 -Al 2 0 3 as described in U.S. Patent No. 
5,321,106. 

The ionized ionic compound (c) can be used singly or in combination of two or more kinds. 

35 

Organoaluminum compound (d) 

The organoaluminum compound (d), which may optionally be used in the invention, includes, for example, trialky- 
laluminum, dialkylaluminum halide, alkylaluminum sesquihalide and alkylaluminum dihalide. 
40 These organoaluminum compounds can be used singly or in combination of two or more kinds. 

The specific metallocene catalyst for use in the invention comprises the above-described metallocene compound 
(a), and can be prepared from, for example, the metallocene compound (a) and the organoaluminum oxy-compound (b) 
as described above. The catalyst may also be formed from the metallocene compound (a) ((a1) or (a2)) and the com- 
pound (c) which reacts with the metallocene compound (a) to form an ion pair, or from the metallocene compound (a), 
45 the organoaluminum oxy-compound (b) and the compound (c) which reacts with the metallocene compound (a) to form 
an ion pair. In any case, it is preferable to further use the organoaluminum compound (d) in combination. 

In the copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms, the components for forming the met- 
allocene catalyst, namely, the metallocene compound (a) ((a1) or (a2)), the organoaluminum oxy-compound (b), the ion 
pair-forming compound (c). and optionally, the organoaluminum compound, may be fed separately to a polymerization 
so reactor; or a metallocene catalyst containing the metallocene compound, which is previously prepared, may be sup- 
plied for the copolymerization reaction. 

In the preparation of the metallocene catalyst, a hydrocarbon solvent which is inert to the catalyst components can 
be employed. 

The copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms can be carried out under the conditions 
55 of a temperature of usually 40 to 200 °C, preferably 50 to 1 50 °C, particularly preferably 60 to 1 20 °C. and a pressure 
of atmospheric pressure to 100 kg/cm 2 , preferably atmospheric pressure to 50 kg/cm 2 , particularly preferably atmos- 
pheric pressure to 30 kg/cm 2 . 

The copolymerization reaction can be carried out by various polymerization processes, but a solution polymeriza- 
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tion process is preferably adopted. In the solution polymerization, the hydrocarbon solvent mentioned above can be 
used as the polymerization solvent. 

Though the copolymerization can be carried out batchwise. semicontinuousJy or continuously, it is preferably car- 
ried out continuously. The copolymerization can be performed in two or more stages under different reaction conditions. 
5 The linear or long-chain branched ethylene/a-olef in random copolymer for use in the invention can be obtained by 
the process described above, and the molecular weight of the copolymer can be modified by changing the polymeriza- 
tion conditions such as polymerization temperature or by controlling the amount of hydrogen (molecular weight modi- 
fier) used. 

In the present invention, the ethylene random copolymer (B1) may be an ethylene random copolymer partially or 
w completely modified with an unsaturated carboxylic acid or anhydride thereof. The modified ethylene random copolymer 
contributes to improving overwrapping properties and adhesion to substrates such as metals. 

Propylene/1-butene random copolymer (B2) 

is The propylene/1 -butene random copolymer (B2) for use in the invention contains constituent units derived from 
propylene in amounts of 50 to 95 % by mol, preferably 55 to 93 % by mol, more preferably 60 to 90 % by mol, and con- 
stituent units derived from 1 -butene in amounts of 5 to 50 % by mol, preferably 7 to 45 % by mol, more preferably 1 0 to 
40 % by mol. 

The propylene/1 -butene random copolymer (B2) may contain constituent units derived from olefins other than pro- 
20 pylene and 1 -butene in small amounts, e.g., not more than 10 % by mol, desirably not more than 5 % by mol. 

The propylene/1 -butene random copolymer (B2) has a melt flow rate (MFR, ASTM D 1238, 230 °C, load of 2.1 6 kg) 
of 0.1 to 50 g/10 min, preferably 0.5 to 30 g/10 min, more preferably 1 to 20 g/10 min. 

The propylene/1 -butene random copolymer (B2) has a molecular weight distribution (Mw/Mn), as determined by 
gel permeation chromatography (GPC), of not more than 3.0, preferably not more than 2.5. 
25 The propylene/1 -butene random copolymer (B2) has a parameter B value, which indicates randomness of a copo- 
lymerized monomer sequence distribution, of 1 .0 to 1 .5, preferably 1 .0 to 1 .3, more preferably 1 .0 to 1 .2. 

The parameter B value was proposed by Cole-man, et al. (B.D. Cole-man and T.G. Fox, J. Polym. Sci., A1. 3183 
(1963)), and is defined as follows. 

30 B = P 12 /(2P 1 -P 2 ) 

wherein P t is a first monomer fraction, P 2 is a second monomer fraction, and P 12 is a proportion of the first monomer- 
second monomer sequences to all the dyad sequences. 

The B value conforms to the Bernoulli's statistics, and in case of B < 1 , the copolymer is block-like, while in case of 
35 B > 1 , the copolymer is alternating. 

In addition to the above properties, the propylene/1 -butene random copolymer (B2) desirably has a melting point 
Tm, as measured by a differential scanning calorimeter, of 60 to 140 °C, preferably 80 to 130 °C, and the melting point 
Tm and the 1 -butene constituent unit content M (% by mol) satisfy the relation 

40 -2.6M + 1 30 £ Tm £ -2.3M + 1 55. 

When the melting point of the propylene/1 -butene random copolymer (B2) exceeds 140 °C. films of the polypropyl- 
ene resin composition may require a high heat-sealing temperature of at least 130 °C. When the melting point thereof 
is lower than 60 °C, scratch resistance of films of the composition may be reduced and blocking of films may take place 
45 in the storage, resulting in difficulty in practical use, though the low-temperature heat-sealing properties are improved. 

The propylene/1 -butene random copolymer (B2) desirably has a crystallinity C (%), as measured by X-ray diffrac- 
tometry, and a 1 -butene constituent unit content M (% by mol) satisfying the relation 

C^-1.5M + 75. 

50 

The crystallinity of the propyl en e/1 -butene random copolymer (B2) is desirably in the range of 15 to 65 %, prefera- 
bly 20 to 60 %. 

When the propylene/1 -butene random copolymer (B2) having a crystallinity in the above range is used, a polypro- 
pylene resin composition capable of providing films of excellent scratch resistance, low-temperature heat-sealing prop- 
55 erties and blocking resistance can be obtained. 

Further, the propylene/1 -butene random copolymer (B2) may contain regio-irregular units based on 2,1 -insertion of 
propylene monomer in a ratio of not less than 0.05 % of all the propylene constituent units, as determined by a 13 C- 
NMR spectrum of the copolymer. 
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In the polymerization, the propylene monomer often undergoes 1,2-insertion (the methylene side is bonded to the 
catalyst), but sometimes undergoes 2,1 -insertion. The 2,1-inserted monomer forms regio-irregular units in the resulting 
polymer. 

The ratio of the regio-irregular units based on the 2,1 -insertion to all of the propylene constituent units can be cal- 
5 culated from the following equation using 13 C-NMR and making reference to Polymer, 3fA 1350 (1989). 



Ratio of regio-irregular units units based on 1,2-insersion = 
(0.5 lap (structures (iii). (v)) + 0 25 lap (structure (iv)} x 1Q0 
laa+lap (structures (iii), (v)) + 0.5 (lay + lap (structure (iv)) + Ia6) 

10 

Naming of the peaks follows a method of Carman, et al. (Rubber Chem. Techno!., 44, 781 (1971)). Symbols lap 
and the like mean peak areas of the ap peak and the tike. 

If it is difficult to find the area of lap or the like directly from the spectrum because of overlapping of peaks, the car- 
15 bon peak having a corresponding area can be substituted therefor. 

In the propylene/1 -butene random copolymer (B2) for use in the invention, the ratio of the regio-irregular units 
based on 1 ,3-insertion of propylene monomer may be not more than 0.05 %. 

The quantity of the triad sequences based on the 1,3-insertion can be determined by the Py peak (resonance at 
about 27.4 ppm). 

20 The propylene/1 -butene random copolymer (B2) mentioned above can be obtained by copolymerizing propylene 
and 1 -butene in the presence of an olefin polymerization catalyst comprising: 

(e) a specific transition metal compound, 

(f) an organoaluminum oxy-compound (f-1) and/or a compound (f-2) which reacts with the transition metal com- 
25 pound (e) to form an ion pair, 

and optionally 

(g) an organoaluminum compound. 

The transition metal compound (e) (sometimes referred to as "component (e)" hereinafter) is represented by the 
30 following formula (IV): 




In the above formula, M is a transition metal of Group IVB, Group VB or Group VIB of the periodic table, preferably 
titanium, zirconium or hafnium, particularly preferably zirconium. 

R 1 and R 2 are each independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
so atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 

R 3 is a hydrocarbon group of 1 to 20 carbon atoms which may be substituted with either a halogen atom or a silicon- 
containing group, and is preferably a secondary or tertiary aikyl group of 3 to 20 carbon atoms or an aromatic group, 

R 4 is a hydrogen atom or an alkyl group of 1 to 20 carbon atoms which may be substituted with a halogen atom or 
55 a silicon-containing group. 

X 1 and X 2 are each a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
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carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
group. -0-, -CO-. -S-, -SO-, -S0 2 - or the like. 

Y is particularly preferably alkylsilylene. alkylarytsilylene or arytsilylene. 

The transition meal compound (e) represented by the formula (IV) is preferably a compound of said formula 
wherein R 1 is methyl. 

The transition metal compound used in the invention can be prepared in accordance with processes described in 
Journal of Organometallic Chem. 288 (1985). pp 63-67, and European Patent Published Application No. 0,320.762. 

The organoaluminum oxy-compound (f-1) (sometimes referred to as "component (f-1) n hereinafter) for forming the 
olefin polymerization catalyst used in the invention may be identical with the organoaluminum oxy-compound (b), may 
be aluminoxane generally known or a benzene-insoluble organoaluminum oxy-compound described in Japanese Pat- 
ent Laid-Open Publication No. 78687/1990. 

The compound (f-2) (sometimes referred to as "component (f-2)" hereinafter) which reacts with the transition metal 
compound (e) to form an ion pair is identical with the ionized ionic compound (c). 

The organoaluminum compound (g) (sometimes referred to as "component (g)" hereinafter) is, for example, an 
organoaluminum compound represented by the following formula (V): 

R 9 n AIX 3 . n (V) 

wherein R 9 is a hydrocarbon group of 1 to 12 carbon atoms, 
X is a halogen atom or a hydrogen atom, and 
n is 1 to 3. 

In the formula (V). R 9 is a hydrocarbon group of 1 to 12 carbon atoms, such as an alkyl group, a cycloalkyl group 
or an aryl group. 

Examples of the organoaluminum compound (g) include trialkylaluminum, alkenylaluminum, dialkylaluminum hal- 
ide, alkylaluminum sesquihalide, alkylaluminum dihalide and alkylaluminum hydride. 

Also employable as the organoaluminum compound (g) is a compound represented by the following formula (VI): 

R 9 nAIL 3 . n (VI) 

wherein R 9 is the same as defined in the formula (V). 

L is -OR 10 , -0SiR 11 3 , -0AIR 12 2 , -NR 13 2 . -SiR 14 3 or -N(R 15 )AIR 16 2 group, 

n is 1 to 2, 

R 10 , R 1 \ R 12 and R 16 are each methyl, ethyl, isopropyl, isobutyl. cyclohexyl, phenyl or the like, 
R 13 is a hydrogen atom, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like, and 
R 14 and R 15 are each methyl, ethyl or the like. 

Of such organoaluminum compounds, preferable are compounds represented by the formula R 7 n AI(OAIR 10 2 ) 3 . n , 
for example, Et 2 AIOAIEt 2 and (iso-Bu) 2 AIOAI(iso-Bu) 2 . 

Of the organoaluminum compounds represented by the formulas (V) and (VI), preferable are compounds of the for- 
mula R 7 3 AI, and particularly preferable is a compound of said formula wherein R 7 is an isoalkyl group. 

The olefin polymerization catalyst used in the invention is formed from the component (e). the component (f-1) 
and/or the component (f-2) (referred to as "component (f) n hereinafter), and optionally, the component (g). The olefin 
polymerization catalyst can be prepared by mixing the component (e). the component (f), and optionally, the component 
(g) in an inert hydrocarbon solvent or an olefin solvent. 

An olefin may be prepolymerized onto the components for forming the olefin polymerization catalyst, and the result- 
ing prepolymerized catalyst may be used in the invention. 

Examples of the olefins preferably used for the prepolymerization include propylene, ethylene and 1-butene. Mix- 
tures of these olefins and other olefins may also employable. 

The propylene/1 -butene random copolymer (B2) for use in the invention can be prepared by copolymerizing propyl- 
ene and 1 -butene in the presence of the olefin polymerization catalyst described above. 

The polymerization can be carried out as any of liquid phase polymerization, e.g., solution polymerization, and solid 
phase polymerization. 

The molecular weight of the resulting propylene/1 -butene random copolymer (B2) can be modified by allowing 
hydrogen to be present in the polymerization system or changing the polymerization temperature or the polymerization 
pressure. 

The process for preparing the propylene/1 -butene random copolymer (B2) is described in detail in Japanese Patent 
Laid-Open Publication No. 43284/1995. 
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In the present invention, the propylene/1 -butene random copolymer (B2) may be a propylene/1 -butene random 
copolymer partially or completely modified with an unsaturated carboxylic acid or anhydride thereof. The modified pro- 
pylene/1 -butene random copolymer contributes to improving overwrapping properties of films of the composition and 
adhesion thereof to substrates such as metals. 

5 

Other components 

To the polypropylene resin composition of the invention, resin components other than the polypropylene resin (A), 
the ethylene random copolymer (B1) and the propylene/1 -butene random copolymer (B2), e.g.. a polyethylene resin, 
w can be added within limits not prejudicial to the objects of the present invention. Further, various additives, such as anti- 
oxidants, ultraviolet light absorbers, lubricants, nucleating agents, antistatic agents, flame retardants, pigments, dyes 
and inorganic or organic fillers, can be added. 

Preparation of polypropylene resin composition 

15 

The polypropylene resin composition of the invention can be prepared by any of known methods. For example, the 
composition can be prepared by mixing the above components with a mixing machine such as a V-type blender, a rib- 
bon blender or a Henschel mixer, or kneading them in a kneading machine such as an extruder, mixing rolls, a Banbury 
mixer or a kneader. The polypropylene resin composition may be prepared by mixing and kneading the components 

20 using the above-mentioned mixing machine and kneading machine in combination. 

Because the polypropylene resin composition obtained as above contains the propylene/1 -butene random copoly- 
mer (B2) as the rubber component (B), the dispersibility of the ethylene random copolymer (B1) in the polypropylene 
resin (A) is good, and diameters of the dispersed particles of the ethylene random copolymer (B1) can be reduced. As 
a result, molded products, e.g., films, having improved heat-sealing properties and excellent low-temperature impact 

25 resistance and transparency can be obtained. 

The propylene/1 -butene random copolymer (B2) prepared using the aforesaid catalyst has a molecular weight dis- 
tribution and a composition distribution narrower than those of a propylene/1 -butene random copolymer prepared using 
other conventionally known titanium catalysts. Therefore, when the propylene/1 -butene random copolymer (B2) is used, 
obtainable is a polypropylene resin composition capable of producing films of higher blocking resistance, as compared 

30 with the case of using a propylene/1 -butene random copolymer prepared by the use of the titanium catalysts. 

EFFECT OF THE INVENTION 

The polypropylene resin composition of the invention can provide molded products, e.g., films and sheets, having 
35 not only excellent heat-sealing properties but also excellent low-temperature impact resistance, transparency, blocking 
resistance, blushing resistance and scratch resistance. 

The polypropylene resin composition of the invention is suitable for films and sheets desired to have heat-sealing 
properties, low-temperature impact resistance, transparency, blocking resistance, blushing resistance and scratching 
resistance, such as packaging films, and besides it can be molded into other products. 

40 

EXAMPLE 

The present invention is further described with reference to the following examples, but it should be construed that 
the invention is in no way limited to those examples. 
45 Films produced from polypropylene resin compositions obtained in the following exanples were evaluated on the 
low-temperature impact resistance, transparency, gloss, slip properties, blocking resistance and heat-sealing proper- 
ties by the following test methods. 

(1) Low-temperature impact resistance (impact strength) 

so The impact strength was measured in accordance with JIS-P8134 (measuring temperature: 0 °C). The impact 

tester used has a capacity of 30 kg/cm • cm, and a hammer head of the tester has a diameter of 1/2 inch. 

(2) Transparency (haze) 

The haze was measured in accordance with ASTM D 1003. 

(3) Gloss 

55 The gloss was measured in accordance with ASTM D 523 

(4) Slip properties (static friction coefficient, dynamic fiction coefficient) 

After the film was annealed at 40 °C for one day, the static friction coefficient and the dynamic friction coeffi- 
cient were measured in accordance with ASTM D 1894. 
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(5) Blocking resistance (blocking force) 

After the film was annealed at 50 °C for one day, the blocking force was measured in accordance with ASTM 
D 1893. 

(6) Heat-sealing properties (heat-sealing strength) 

5 The films were superposed one upon another, then heat-sealed under the conditions of a temperature of 130 

°C. 140 °C. 150 °C or 160 °C, a pressure of 2 kg/cm 2 , a period of 1 second and a sealing bar with of 5 mm. and 
allowed to stand for cooling. Then, the films thus heat-sealed at each temperature were cut to give a specimen hav- 
ing a width of 1 5 mm. The specimen was subjected to a peel test at a crosshead speed of 200 mm/min to measure 
a peel strength of the heat-sealed portion. 

w (7) Blushing resistance 

The injection molded square plate was subjected to the drop-weight test and then the blushing resistance was 
visually evaluated. 
(8) Scratching resistance 

The film was laminated on a steel sheet and the scratching resistance was evaluated by means of pencil hard- 
75 ness. 

Preparation Example 1 

Preparation of propylene/1 -but ene random copolymer (PBR-1) 

20 

To a 2-liter autoclave thoroughly purged with nitrogen, 900 ml of hexane and 60 g of 1-butene were introduced. To 
the autoclave, 1 mmol of triisobutylaJuminum was added. After the temperature of the system was elevated to 70 °C. 
propylene was fed so that the total pressure became 7 kg/cm 2 -G. To the system, 0.30 mmol of methylaluminoxane and 
0.001 mmol (in terms of Zr atom) of rac-dimethylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride.were 

25 added, and then propylene was continuously fed to perform polymerization for 30 minutes with keeping the total pres- 
sure at 7 kg/crr^-G. After the polymerization, gaseous matter was removed from the system, and the resulting polymer 
was recovered in a large amount of methanol, followed by drying at 1 10 °C for 12 hours under reduced pressure. 

The yield of the polymer (propylene/1 -butene random copolymer (PBR-1)) was 39.7 g. The polymerization activity 
was 79 kg-polymer/mmol-Zr • hr. 

30 The polymer contained 24 % by mol of constituent units derived from 1 -butene, and had a melt flow rate (ASTM D 
1238. 230 °C, load of 2.16 kg) of 6.8 g/10 min. a molecular weight distribution (Mw/Mn. measured by GPC) of 2.05, a 
B value of 1.00, a melting point (Tm) of 91 °C and a crystallinity (measured by X-ray diffractometry) of 40 %. 

Preparation Example 2 

35 

Preparation of propylene/1 -butene random copolymer (PBR-2) 

To a 2-liter autoclave thoroughly purged with nitrogen, 830 ml of hexane and 1 00 g of 1 -butene were introduced. To 
the autoclave. 1 mmol of triisobutylaJuminum was added. After the temperature of the system was elevated to 70 °C, 

40 propylene was fed so that the total pressure became 7 kg/cm 2 -G. To the system, 1 mmol of triethylaluminum and 0.005 
mmol (in terms of Ti atom) of a magnesium chloride-supported titanium catalyst were added, and then propylene was 
continuously fed to perform polymerization for 30 minutes with keeping the total pressure at 7 kg/cm 2 -G. After the 
polymerization, gaseous matter was removed from the system, and the resulting polymer was recovered in a large 
amount of methanol, followed by drying at 1 10 °C for 12 hours under reduced pressure. 

45 The yield of the polymer (propylene/1 -butene random copolymer (PBR-2)) was 33.7 g. The polymerization activity 
was 14 kg-polymer/mmol-Ti • hr. 

The polymer contained 23 % by mol of constituent units derived from 1 -butene, and had a melt flow rate (ASTM D 
1238. 230 °C, load of 2.16 kg) of 6.4 g/10 min, a molecular weight distribution (Mw/Mn, measured by GPC) of 4.52, a 
B value of 0.92, a melting point (Tm) of 1 10 °C and a crystallinity (measured by X-ray diffractometry) of 48 %. 

50 

Example 1 

In a Henschel mixer, 1 1 parts by weight of an ethylene/propylene random copolymer (EPR) having an ethylene con- 
tent of 81 % by mol, MFR (ASTM D 1238, 190 °C, load of 2.16 kg) of 1 .0 g/10 min, a density of 0.870 g/cm 3 and a crys- 
55 tallinity (measured by X-ray diffractometry) of 6 % was mixed with 4 parts by weight of the propylene/1 -butene random 
copolymer (PBR-1) obtained in Preparation Example 1 . The mixture was extruded by an extruder equipped with a pel- 
letizer to obtain pellets of a rubber component. 

Then, 15 parts by weight of the pellets of the rubber component and 85 parts by weight of a polypropylene resin 
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(random PP) having an ethylene content of 2.3 % by mol. MFR (ASTM D 1 238. 230 °C, load of 2.1 6 kg) of 6.5 g/10 min, 
a melting point of 141 °C and an isotactic index (I.I.) of 96 % were mixed in a Henschel mixer. The mixture was melted 
by an extruder and fed to a film forming die at a resin temperature of 200 °C. to obtain a film having a thickness of 50 um. 

The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, blocking 
5 resistance and heat-sealing properties by the aforesaid test methods. 

The results are set forth in Table 1. 

Example 2 

w A film having a thickness of 50 um was obtained in the same manner as in Example 1 , except that an ethylene/1 - 
octene random copolymer (EOP) having an ethylene content of 84 % by mol. MFR (ASTM D 1238. 190 °C. load of 2.16 
kg) of 1 .8 g/10 min, a density of 0.869 g/cm 3 and a crystallinity (measured by X-ray diffractometry) of 6 % was used in 
place of the ethylene/propylene random polymer (EPR). 

Trie film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, blocking 
is resistance and heat-sealing properties by the aforesaid test methods. 
The results are set forth in Table 1 . 

Comparative Example 1 

20 A film having a thickness of 50 urn was obtained in the same manner as in Example 1 , except that the propylene/1 - 
butene random copolymer (PBR-1) was not used. 

The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, blocking 
resistance and heat-sealing properties by the aforesaid test methods. 

The results are set forth in Table 1 . 

25 

Comparative Example 2 

A film having a thickness of 50 um was obtained in the same manner as in Example 1 . except that the propylene/1 - 
butene random copolymer (PBR-2) obtained in Preparation Example 2 was used in place of the propylene/1 -butene 
30 random copolymer (PBR-1). 

The film was evaluated on the low-temperature impact resistance, transparency, gloss, slip properties, blocking 
resistance and heat-sealing properties by the aforesaid test methods. 

The results are set forth in Table 1 . 
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Table 1 





Example 1 


Example 2 


Comparative 
Example 1 


Comparative 
Example 2 


Composition (parts by weight) 










Random PP *1 


85 


85 


85 


85 


EPR *2 


11 


- 


15 


11 


EOR *3 


• 


11 


* 


* 


PBR-1 *4(Prep. Ex.1) 


4 


4 


■ 


■ 


PBR-2 *5 (Prep. Ex.2) 


- 


- 


- 


4 


Film properties 










Film thickness (urn) 


50 


50 


50 


50 


Impact strength (at 0°C) (kJ/m) 


23 


26 


20 


21 


Haze (%) 


3.1 


3.2 


4.5 


3.6 


Gloss (%) 


82 


83 


70 


77 


Slip properties 










Staric friction coefficient 


0.24 


0.24 


0.26 


0.25 


Dynamic friction coefficient 


0.23 


0.24 


0.25 


0.24 


Blocking force (mN/cm) 


5.0 


4.5 


8.5 


8.3 


Heat-sealing properties (N/1 5mm) 










130°C 


2.5 


2.7 


2.5 


2.0 


140°C 


11.7 


12.0 


11.7 


11.0 


150°C 


16.6 


16.5 


14.7 


15.5 


160°C 


15.4 


15.8 


13.9 


13.9 



35 * 1 : Polypropylene resin (Ethylene content: 2.3 mol%, MFR (230°C): 6.5 g/1 0 min Tm: 1 41 °C) 

* 2: Ethylene/propylene random copolymer Propylene content: 19 mol%, MFR (190°C): 1.0 g/1 0 min) 

* 3: Ethylene/1 -octene random copolymer (1 -octene content: 16 mol%, MFR (190°C): 1.8 g/1 0 min) 

* 4: Propylene/1 -butene random copolymer (1-butene content: 24 mol%, MFR (230°C): 6.8 g/1 0 min, Tm: 91°C) 

* 5: Propylene/1 -butene random copolymer (1 -butene content: 23 mol %, MFR (230°C): 6.4 g/10 min, Tm: 1 10 

40 °C) 



Claims 

45 1 . A polypropylene resin composition comprising 50 to 99 % by weight of a polypropylene resin (A) and 50 to 1 % by 
weight of a rubber component (B), wherein the rubber component (B) comprises an ethylene random copolymer 
(B1) and a propylene/ 1-butene random copolymer (B2), 

said ethylene random copolymer (B1) having the following properties: 

so (1) said copolymer (B1) is obtained by random copolymerizing ethylene and an a-olefin of 3 to 20 carbon 

atoms, 

(2) the density is in the range of 0.850 to 0.900 g/cm 3 , 

(3) the melt flow rate (ASTM D 1238, 190 °C, load of 2.16 kg) is in the range of 0.1 to 30 g/10 min, and 

(4) the crystallinity, as measured by X-ray diffractometry, is less than 40 %; 



55 



said propylene/1 -butene random copolymer (B2) having the following properties: 
(1 ) said copolymer (B2) contains 50 to 95 % by mol of constituent units derived from propylene and 5 to 50 % 
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by mol of constituent units derived from 1-butene, 

(2) the melt flow-rate (ASTM D 1 238, 230 °C, load of 2.16 kg) is in the range of 0.1 to 50 g/10 min, 

(3) the molecular weight distribution (Mw/Mn), as determined by GPC, is not more than 3.0. and 

(4) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is 
s in the range of 1 .0 to 1 .5; and 

the weight ratio ((B1)/(B2)) of the ethylene random copolymer (B1) to the propylene/1 -butene random copol- 
ymer (B2) in the rubber component (B) is in the range of 95/5 to 20/80. 

w 2. The polypropylene resin composition as claimed in claim 1 . wherein the ethylene random copolymer (B1) is a linear 
ethylene/a-olef in random copolymer. 

3. The polypropylene resin composition as claimed in claim 2, wherein the linear ethylene/a-olef in random copolymer 
has the following properties: 

15 

(a) the density is in the range of 0.850 to 0.900 g/cm 3 , 

(b) the intrinsic viscosity (tj). as measured in decahydronaphthalene at 1 35 °C, is in the range of 0.3 to 3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 °C, 

(d) the crystal! inity, as measured by X-ray diffractometry, is less than 40 %, 

20 (e) the molecular weight distribution (Mw/Mn), as determined by GPC. is not more than 3.0. 

(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is 
in the range of 1 .0 to 1 .4, and 

(g) the ratio gx\* of the intrinsic viscosity (n.) determined as the property (b) to the intrinsic viscosity faJbiank of 
a linear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light 

25 scattering method) as this copolymer and having an ethylene content of 70 % by mol, (n)/(ii)biank. ,s more tnan 

0.95. 

4. The polypropylene resin composition as claimed in claim 1 , wherein the ethylene random copolymer (B1 ) is a long- 
chain branched ethylene/a-olef in random copolymer. 

30 

5. The polypropylene resin composition as claimed in claim 4, wherein the long-chain branched ethylene/a-olef in ran- 
dom copolymer has the following properties: 

(a) the density is in the range of 0.850 to 0.900 g/cm 3 , 
35 (b) the intrinsic viscosity (r|) , as measured in decahydronaphthalene at 1 35 °C, is in the range of 0.3 to 3.0 dl/g, 

(c) the glass transition temperature (Tg) is not higher than -50 °C. 

(d) the crystallinity, as measured by X-ray diffractometry, is less than 40 %. 

(e) the molecular weight distribution (Mw/Mn), as determined by GPC, is not more than 3.0, 

(f) the parameter B value, which indicates randomness of a copolymerized monomer sequence distribution, is 
<o in the range of 1 .0 to 1 .4, and 

(g) the ratio gn* of the intrinsic viscosity (r\) determined as the property (b) to the intrinsic viscosity (n)biank of 
a linear ethylene/propylene copolymer having the same weight-average molecular weight (measured by a light 
scattering method) as this copolymer and having an ethylene content of 70 % by mol, (ti)/(ii)biank. ,s in ^ e 
range of 0.2 to 0.95. 

45 

6. The polypropylene resin composition as claimed in any one of claims 1 to 5, wherein the parameter B value of the 
propylene/1 -butene random copolymer (B2), which indicates randomness of a copolymerized monomer sequence 
distribution, is in the range of 1 .0 to 1 .3; and the propylene/1 -butene random copolymer (B2) further has the follow- 
ing properties: 

50 

(5) the melting point Tm, as measured by a differential scanning calorimeter, is in the range of 60 to 140 °C, 
and the melting point Tm and the 1-butene constituent unit content M (% by mol) satisfy the relation 

-2.6M + 130 <, Tm <. -2.3M + 155. 

55 

and 

(6) the crystallinity C (%), as measured by X-ray diffractometry, and the 1 -butene constituent unit content M (% 
by mol) satisfy the relation 

C*-1.5M + 75. 
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